Real-time B-mode ultrasonography was combined with a pulsed Doppler ultrasound technique for transcutaneous measurement of human fetal blood flow in the aorta and intra-abdominal part of the umbilical vein. The target vessel was located and its diameter measured in the two-dimensional real-time image. The pulsed Doppler transducer was attached to the real-time transducer at a fixed angle. By processing the Doppler shift signals the instrument estimated the mean and maximum blood velocities and the integral under the velocity curves. This permitted calculation of the blood flow. The method was applied to 26 fetuses in normal late pregnancies. Mean blood flow in the descending part of the fetal aorta based on maximum velocity was 191 ml/kg/min. Mean flow in the intala-abdominal part of the umbilical vein was 110 ml/kg/min. This method of measurement is non-invasive and -opens new perspectives in studying fetal haemodynamics.
Introduction
Blood circulation in fetal animals has been extensively studied by using invasive methods. Circulatory studies in the human fetus require non-invasive methods, which at present do not exist. Therefore, information on human fetal circulation is scarce and based mainly on measurements made in early abortions' 2 and neonates immediately after delivery.3 4 In 1977 a method was reported in which B-mode ultrasonography and continuous Doppler ultrasound were combined to obtain signals from the umbilical cord in utero. 5 polygraph (fig 2) . The blood flow, Q, was calculated from the blood velocity according to the formula Q = V x A/cos a, where V is the mean or maximum velocity, A the cross-sectional area of the vessel, and a the angle between the vessel and the Doppler ultrasonic beam.
We applied this method to 26 women with 'uncomplicated pregnancies. Gestational age ranged from 32 to 41 weeks. Fetal weight at the time of measurement ranged from 1780 to 4330 g. In 18 pregnancies, in which: delivery occurred more than one week after the flow was measured, the fetal weight was estimated by ultrasound -measurement of fetal biparietal diameter and abdominal transverse diameter.9 The weights ofthe neonates were appropriate for gestational age.
The calculation of flow in the fetal aorta was based on the maximum blood velocity registered over 10 heart beats; in the intra-abdominal part of the umbilical vein the calculation was based on the mean blood velocity registered over 15 s. The reproducibility of the method was tested in five patients, in whom flow in the umbilical vein was measured twice within one hour. 
Results
Blood flow in the intra-abdominal part of the umbilical vein correlated closely with fetal weight. Mean (+SE of mean) flow in this vessel was 110 ±5 8 ml/kg/min (n=20). Mean blood;flow in the thoracic part of the fetal aorta was 191±12'2 l/kg/min. (n=26). The acceleration of the blood flow was fairly steady with a mean value of 2927±65-7 cm/s2 (n=26). In all. of the reproducibility tests the difference between two measurements did not exceed 10%.
Discussion
The major problems when measuring blood flow transcutaneously by using a Doppler technique have been the angle between the Doppler transducer and the vessel, the dimension of the vessel, and the velocity profile within the vessel.10 In this study the problem of angling was solved by combining the real-time transducer and the Doppler transducer (fig 1) , while the modern ultrasound B-mode equipment permitted measurement of the vessel dimension.
The flow in a vessel is proportional to the mean velocity over the cross-section. To obtain a true mean value of the velocity the vessel must be located completely within the range of the sample volume of the pulsed Doppler instrument, and the ultrasonic field must be homogeneous. These criteria were fulfilled in this study. When aortic flow is being measured, however, the interference from other vessels may influence the estimate of the mean velocity. Therefore, we used the estimated maximum blood velocity to calculate flow in the aorta, assuming that the velocity profile in this vessel was flat. This assumption may have resulted in a slightly overestimated aortic flow.
Dawes"' calculated the minimum blood flow needed in the umbilical vein of the human fetiis to be 90 ml/kg/min. This calculation was based on consumption of oxygen. By using an ultrasound technique Gill and 
